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During metazoan development cells destined for
different fates become asymmetric, not just in
morphology and developmental potential but also in
cell-cycle timing. A recent study has now shown that
differential cell-cycle timing in the first cell divisions
of the Caenorhabditis elegans embryo is in part
controlled by a DNA replication checkpoint.
During development of the nematode worm Caenorhab-
ditis elegans, cells follow a deterministic pattern of divi-
sion and differentiation into germ cells, neurons, gut
cells and so on. As early as the first division of the
zygote, the two daughter cells differ not only in size and
developmental potential — descendents of the anterior
AB cell make up part of the nervous system, whereas
descendents of the posterior P1 cell give rise to the
germline [1,2] — but also in the time they take to divide
further [3]. The larger AB cell goes into the mitosis first,
whereas the smaller P1 cell holds on for a bit longer
(Figure 1). Work published recently in Current Biology
by Brauchle et al. [4] sheds new light on the underlying
mechanisms that control this differential timing of cell-
cycle progression.
Brauchle et al. [4] found that, in C. elegans, defects
in the replication machinery delay S phase of the first
embryonic cell cycles. This delay depends on the DNA
replication checkpoint genes atl-1 and chk-1, which
encode homologues of the kinases ATR and Chk1,
respectively. In mammals, ATR and Chk1 are required
for the cellular response to stalled DNA replication
forks and UV-induced DNA damage [5]. Interestingly,
division of the P1 cell is affected more strongly by this
delay than that of the AB cell. This finding prompted
Brauchle et al. [4] to ask if the replication checkpoint
genes are required, not only for the response to
defects in replication, but also for the differential timing
of developmental cell divisions in wild-type animals.
They found that, indeed, when the checkpoint function
is abrogated, cell-cycle progression is accelerated and
the gap between AB and P1 division shortened. 
This observation raises the question of what the
signal is that activates the Atl-1/Chk-1 pathway during
normal development. As the two cells, AB and P1, differ
in size, Brauchle et al. [4] hypothesize that the amount
of some replication factors inherited by the two daugh-
ter cells might be different, giving the smaller P1 cell
fewer replication factors to synthesize the same amount
of DNA. The limiting supply of replication factors might
then lead to ‘replicational stress’ and a preferential acti-
vation of the DNA replication checkpoint in the P1 cell
(Figure 2). To test this model, the authors analysed
mutant embryos in which the limitation of replication
factors in the P1 cell might be abolished.
The unequal first division of the C. elegans embryo
is dependent on signalling through the Gα subunits of
a trimeric GTPase [6]. Without Gα signalling, AB and
P1 are equally sized but still show normal polarity.
Brauchle et al. [4] found that, in such a mutant
embryo, the AB and P1 cells divide with a shortened
gap between the two divisions, as they do without a
functional DNA replication checkpoint, consistent with
the idea that the normal difference is due to the
limitation of some replication factor(s) in the P1 cell.
This model is also consistent with earlier work by
Schierenberg and Wood [3], which showed that
daughter nuclei residing in a common cytoplasm, as a
result of failed cytokinesis, progress synchronously
through the cell cycle.
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Figure 1. Differential timing of cell divisions in C. elegans
embryogenesis.
After fertilisation and completion of meiosis, the two pronuclei
meet at the posterior end of the zygote and migrate to the
centre, where they fuse (A). The nucleus is indicated as a grey
circle in the middle. Asymmetric division of the P0 cell
generates a larger, anterior AB cell and smaller, posterior P1
cell (B). S phase of the AB cell is shorter as compared to the
P1 cell, and its entry into mitosis is therefore advanced as
indicated by nuclear breakdown (dashed circle in (C)). Mitosis
continues and is accompanied by spindle rotation (D,E).
Before cytokinesis of AB is completed, the posterior P1 cell
enters mitosis (dashed circle in (E)). In wild-type animals the
gap between the nuclear breakdown of AB (C) and P1 (E) is
about 120 seconds. This gap is shortened in atl-1/chk-1
mutant worms. Completion of both cell divisions results in a
four-cell embryo, with the daughter cells ABa and ABp derived
from AB, and EMS and P2 derived from P1 (F).
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Differential checkpoint activation explains only part
of the differential cell-cycle timing during early C.
elegans embryogenesis, as cell-cycle progression of
P1 is advanced by only about 40% in the checkpoint
defective atl-1/chk-1 worms. Therefore, checkpoint
independent mechanisms must also contribute to the
differential cell-cycle timing. It is likely that this second
pathway depends on the so-called par genes, which
are required for morphological asymmetry during the
first cell division [7,8].
The exploitation of DNA replication checkpoints in
developmental cell-cycle timing is not without prece-
dent. Drosophila embryos undergo 13 rapid syncytial
mitotic cell divisions before the checkpoint proteins
Mei-41 and Grapes — counterparts of ATR and Chk1 in
the fruitfly — delay cell-cycle progression, which in turn
is thought to be required for the expression of long
zygotic transcripts at the so-called mid-blastula transi-
tion [9,10]. In Drosophila embryos lacking the Mei-
41/Grapes, the checkpoint fails to terminate the
syncytial cell divisions after mitosis 13, and the embryo
degenerates without forming cells. In Drosophila, there-
fore, the slowing down of cell division mediated by the
DNA replication/damage checkpoint is essential for
embryonic development. This pathway is not essential
for postembryonic development, but mei-41/grapes
mutant flies are sensitive to replication stress and DNA
damage [9,10]. Worms, in contrast, develop normally
and live on just fine without Chk1; it is only later in life,
when it comes to generating a germ line, that such a
mutant worm fails [4].
DNA damage checkpoints were originally defined as
non-essential control mechanisms that ensure the
proper sequence of complex biochemical processes.
During cell-cycle progression, for example, check-
points ensure that S phase is completed before
mitosis is initiated [11]. Often, these DNA damage
checkpoints also trigger the apoptotic demise of
genetically compromised cells which otherwise might
become harmful for the survival of the entire organ-
ism. In C. elegans, for instance, DNA damage check-
points act to induce cell-cycle arrest of mitotic germ
cells in response to genotoxic stress, whereas meiotic
cells undergo programmed cell death in response to
such a stress [12,13]. In mammals, ATR and Chk1 are
both essential for embryonic development. It was sug-
gested that this embryonic lethality is the result of
massive genomic instability, which eventually results
in excessive apoptosis [14,15]. In the light of the new
results of Brauchle et al. [4], it might be worthwhile
speculating that ATR and Chk1 might play a role in
cell-cycle timing during mammalian development and
that this might contribute to the embryonic lethality
associated with defects in these genes.
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Figure 2. ‘Titration model’ for the
asynchrony in cell cycle duration during
early C. elegans embryogenesis.
In the P0 cell, replication factors, such as
PCNA, are equally distributed and might
initially be localized in the cytoplasm
(grey filling). After the first asymmetric
division, the larger AB cell will receive
more of the replication factors which
eventually enter the nucleus (black
nucleus) than does the smaller P1 cell
(light-grey nucleus). So the P1 cell has to
replicate the genome with a limited
amount of replication factors, causing
‘replication stress’, which is proposed to
trigger an atr-1/chk-1-dependent delay
of S-phase. In goa-1/gpa-16-deficient
embryos, the equally sized AB and P1
daughter cells inherit the same amount
of replication factors, and so no
preferential checkpoint activation in P1 is
triggered. As a consequence, both cells
divide in a much more synchronous
fashion. Similarly, in atl-1/chk-1-deficient
embryos ‘replication stress’ cannot be
transduced in P1 cells and no S-phase
delay occurs.
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